On October 31, 1951, we sent a simple questionary to all members of the medical profession in the United Kingdom. In addition to giving their name, address, and age, they were asked to classify themselves into one of three groups-namely, (a) whether they were, at that time, smokers of tobacco; (b) whether they had smoked but had given up; or (c) whether they had never smoked regularly (which we defined as having never smoked as much as one cigarette a day, or its equivalent in pipe tobacco or cigars, for as long as one year). All smokers and ex-smokers were asked additional questions. The smokers were asked the ages at which they had started smoking and the amount of tobacco that they were smoking, and the method of smoking it, at the time of replying to the questionary. The ex-smokers were asked similar questions but relating to the time at which they had last given up smoking.
On the basis of their replies to the questionary, we classified the doctors in a few broad groups according to their sex and age, the amount of tobacco they smoked, their method of smoking, and whether smoking had been continued or abandoned. Subsequently we have recorded the deaths occurring in each of these groups. To ensure a high proportion of replies we intentionally made the questionary extremely short and simple. In particular, we did not ask for a life-history of smoking habits, though in studying the incidence of lung cancer, with a long induction period, we realized that the habits of early adult life might be more relevant than the most recent habits. In addition, we have made no further inquiry into any change of habits that may have taken place since October, 1951 . In short, we have related the deaths of doctors that have occurred since October, 1951 , to the non-smoking, present smoking, and exsmoking groups as constituted at that date.
It follows that, while we can make an accurate comparison between life-long non-smokers and all smokers past or present, any gradient of mortality that we may observe in relation to the amount of smoking will be an understatement of the true relationship. We shall, for instance, have included in the group of " light" smokers persons who had previously smoked " heavily " but at November 1, 1951, had reduced their consumption. Similarly, a " heavy " smoker at November 1, 1951, may previously have been a light smoker or may since then have given up smoking altogether; we shall have continued to count him, or her, as a heavy smoker. If there is a differential death rate with smoking, we must by such errors tend to inflate the mortality among the light smokers and to reduce the mortality among the heavy smokers. In other words, the gradients we present in this paper may be understatements but (apart from sampling errors due to the play of chance) cannot be overstatements.
In 1954 we published a preliminary report on the results of this inquiry (Doll and Hill, 1954a) . The number of deaths from lung cancer was then small (36) and standing alone they would not have justified a firm conclusion. In showing a steadily rising mortality from lung cancer as the amount of smoking increased, they were, however, in close conformity with the figures we had previously found in our extensive retrospective inquiries into the smoking histories of patients with cancer of the lung and other diseases. With the passage of another two years we are now able to present from this prospective inquiry a considerably increased body of data, and, in consequence, a more exhaustive analysis. The four main questions to which we have sought answers are: (1) What are the relative risks of lung cancer associated with the smoking of different amounts of tobacco by different methods ? (2) Is there a reduction in the risk if smoking is given up ? (3) What is the most likely explanation of the observed association ? (4) Is there a relationship between smoking and any other cause of death ?
The Exposed to Risk
The questionary was sent out to 59,600 men and women on the Medical Register. Of the 41,024 replies received 40,701 were sufficiently complete to be utilized; 34,494 of these were received from men and 6,207 from women.* For the purposes of the present report the doctors concerned have been followed until March 31, 1956 -that is, for four years and five months. No new additions have been made to the population and the total *These numbers are slightly different from those given in our preliminary report, as a re-examination of the forms enabled an additional 137 to be utilized, while in a few cases it was found that the age group had been allocated incorrectly. 5001 number of survivors exposed to risk at the beginning of each new period of twelve months has therefore steadily diminished. At the same time each of the survivors has grown older and mortality has, of course, fallen more heavily on the older age groups; as a result, the age distribution of the population has altered. These changes are shown for men in Table I as well as the total numbers of years of exposure in each age group during 34,150 33,778 33,369 32,926 32,746 148,686 the course of the study. The total number of years for all age groups is 148,686 for men and 27,187 for women. (These figures have been obtained by taking the average of the numbers of survivors at the beginning and at the end of each year and summing for the four years and five months of the study. For example, the number of male doctors aged 45-54 was 7,117 on November 1, 1951, and 7,257 on November 1, 1952; on average, therefore, there were 7,187 male doctors alive in that age group throughout that year. Similarly there were 7,319 male doctors alive in the same age group throughout the second year, 7,366 throughout the third year, 7,283 throughout the fourth year, and 7,203 throughout the first five months of the fifth year. The total number of years lived by male doctors in that age group is therefore calculated to be 7, 187+7,319+7,366 + 7,283 + 5/12 of 7,203, or 32,156 years.) Figures for the number of years of exposure of men and women with different smoking habits have been obtained in the same way. Table II shows the figures   TABLE II In the 53 months covered by the present study (November, 1951, to March, 1956 ) 1,854 deaths have been reported. Table  1II , in which they are set out by age and sex, shows that groups of diseases. (The numbers of deaths of non-smokers are still small in some of these groups and it is quite possible that significant differences may be obtained with more extensive data.) When comparisons are made between the different grades of smokers, it is proper to take account not only of the actual extent of the differences but also of the order in which they occur. The statistical test which has been applied to the results is therefore a test of the significance of the trend of the differences between the observed and expected numbers of deaths as the amount smoked increases (Armitage, 1955) . It is thus found that there is a significant trend, with an excess of deaths among heavy smokers, for all causes of death (P<0.01) and a highly significant trend for cancer of the lung (P<0.001). Other forms of cancer and other diseases reveal no significant change with smoking, and the observed rise in other respiratory diseases and in coronary thrombosis is not, on present numbers, more than might quite easily be due to chance. (With the latter the rise is significant if the non-smokers are brought into the test of gradient along with the smokers of different amounts.) We may also note, at this point, that a finer analysis of the lung cancer data has shown a marked gradient at each stage of life. The mortality rates for four age groups above 35 years are shown in Table VII .
Method of Smoking
For classifying our population into cigarette smokers, pipe smokers, or smokers by both methods our data are certainly faulty. As pcinted out above, the questionary asked for smoking habits at a particular point of time (November 1, 1951) and not for a life-history. In a covering letter we invited doctors to add any information on their smoking habits or histories which they thought might be of interest to us, and a number of them did so. In those instances we have, of course, used all the information given. For example, if a man stated that in November, 1951, he was smoking 2 ounces of tobacco weekly in a pipe but added in a footnote that previously he had, in addition, smoked 20 cigarettes a day, we classified him as a " mixed " smoker. But we can be sure that some, and perhaps many, men who had changed their habits did not volunteer this extra information. It follows that some whom we have classified as "pure " cigarette smokers or as "pure" pipe smokers really belong to the mixed class. The rates we give in Table VIII Table V. the difference in risk associated with the two methods of smoking; the difference must be blurred by this inclusion in each "pure" group of men who belong to the "mixed" group. (In the mixed group we have included the few men who smoked cigars.)
However, in spite of this blurring of the picture, we find an excess mortality among cigarette smokers compared with pipe smokers for all causes of death and for three of the specific groups. For all causes of death the trend of the differences is highly significant (P<0.001) though the mortality of the "mixed " group is not in step. For lung cancer the trend is continuous and also highly significant (P<0.001); the death rate among the cigarette smokers is over three times as great as the rate among the pipe smokers. The death rate among cigarette smokers is also higher than that among pipe smokers for other respiratory diseases, coronary thrombosis, and the miscellaneous group of other diseases. The excess is less marked than for lung cancer, but it is sufficiently great for the trend to be statistically significant for other respiratory diseases and for the miscellaneous group. The mortality from these diseases among mixed cigarette and pipe smokers is, however, either lower or inappreciably higher than that among pipe smokers. For cancer of other sites no relationship is apparent.
The pronounced differences of Table VIII MEDICAL JOURNAL smokers). This difference in consumption can be allowed for by calculating at each different level the distribution of the observed deaths that would have been expected to occur if the method of smoking bore no relationship at all to the rate of mortality. The resulting figures still show a significant difference between the categories (P<0.01). The same conclusion can also be reached by calculating separately, for each level of smoking, the standardized death rate for pipe smokers and cigarette smokers. It is then found that the death rate of pipe smokers is less than that of cigarette smokers at each level. We may repeat, too, that the contrasts obtained must almost certainly be an understatement of the true difference.
Effects of Giving up Smoking
To measure any effects that might follow the giving up of smoking, we divided the doctors into three groups: (1) those who, on replying to the questionary, reported that they had given up smoking for at least 10 years; (2) those who reported that they had given up within the previous 10 years; and (3) those who, at November 1, 1951, reported that they were then smokers. We know nothing of any subsequent changes in habits, so again any contrasts we find between these groups will be minimal. The mortality rates for the three groups are shown in Table IX Table V. seen that only for cancer of the lung is there a progressive and statistically significant reduction in mortality with the increase in the length of time over which smoking has been given up. Cancer of all other sites shows the same trend, but the observed differences are relatively small, and, with the numbers involved, might be due to chance. On the other hand, for cancer of the lung the mortality among the present smokers at November 1, 1951, has been three times as great as that among men who at that date had stopped smoking for 10 years or more, and 76% greater than the rate for men who had given up within the previous 10 years. These differences cannot be accounted for by differences between the three groups in the amount smoked or in the method of smoking. The average amount smoked (at November 1, 1951, for the smokers and at the date of giving up for the ex-smokers) was practically the same-namely, men who had given up for 10 years or more, 18 g. a day; men who had given up within the previous 10 years, 19 g. a day; men who were still smoking, 18 g. a day. In regard to method, the proportion of " pure " cigarette smokers was also almost the same amongst those who had given up and amongst the continuing smokers-88% in men who had given up for 10 years or more; 87% in men who had given up within the previous 10 years; 84% in men who were still smoking.
We may also note at this point that the average age at which men had given up smoking was 44 years for those who had given up within the last 10 years and 42 years for those who had given up for 10 years or longer. (Wynder and Graham, 1950; Wynder, 1954; Kreyberg, 1955 (106) is still too small for reliable estimates to be made of the mortality from different causes among different categories of smokers. Two deaths were attributed to carcinoma of the lung-one of a woman of 66 years who smoked 15 cigarettes a day at November 1, 1951, and the other of a woman of 55 years who smoked 30 cigarettes a day. A third woman, aged 44, was certified as having died of sarcoma of the lung; she had started smoking at the age of 27 years, and smoked 30 cigarettes daily.
The total mortality from all causes of death recorded among womcn aged 35 years and over has been much less than that recorded among men. Thus their standardized death rate is 7.82 per 1,000 for non-smokers, 7.87 per 1,000 for all smokers, and 16.90 per 1,000 for smokers of 25 or more cigarettes a day (a small group). The corresponding figures for men are 13.25, 15.78, and 18.84 per 1,000. It is very probable that these lower rates for women are not wholly due to a lower actual mortality but partly to a less complete recording. Deaths in women are likely to be certified according to the married name, whereas a number of the women are recorded in our series only under the name that they used professionally and which they entered upon our questionary. This has created considerable difficulty in identifying the women doctors who replied to the questionary and who have subsequently died. A number of deaths have certainly been missed. A more complete identification is in progress and the further analysis of female mortality in relation to smoking habits is therefore postponed to a subsequent report.
QUESTIONS OF BIAS Diagnosis of Cause of Death
It might perhaps be argued that doctors have more readily diagnosed lung cancer in heavy smokers than in light smokers or in non-smokers, and have thus produced the gradient of mortality recorded here. As one means of investigating this possibility we wrote in the last two years of the inquiry to all the doctors who signed the death certificates referring to cancer of the lung. We asked them whether they knew the patient's smoking habits when they diagnosed the cause of death, and, if so, whether they thought their diagnosis was influenced by that knowledge. Of the 47 doctors involved, 40 replied that they had some knowledge of their patients' smoking habits and seven that they were ignorant of them. Of the 40 with some knowledge, 36 did not believe that it had in any way influenced their judgment, one thought that it had (the patient was a man of 68 years who smoked 18 cigarettes a day), another that it might have done so subconsciously (the patient was a man of 68 years who smoked 15 cigarettes a day), and two did not express an opinion.
A second, and perhaps more convincing, test of this possible bias can be made by comparing the mortality gradient with smoking for those cases in which the diagnosis was firmly established (category I in The preliminary results of the large-scale inquiry conducted by the American Cancer Society (Hammond and Horn, 1954) showed the same characteristic-namely, a low death rate from all causes in the subjects of the inquiry compared with that of the general population. Further, contrary to our own observations, Hammond and Horn reported an appreciably heavier mortality in smokers than in non-smokers for every disease group examined-for cancer of other sites, for coronary thrombosis, and for other diseases-though the gradient with lung cancer, we may note, was very much sharper than that shown by the other causes.
These results 'led Berkson (1955) to suggest that not only is the total population in these studies biased, by the absence of the seriously ill at the time of initial inquiry into smoking habits, but that the component smoking and non-smoking groups may be differentially biased to the advantage of the latter in the subsequent mortality experience. He points out that this would be the effect if non-smokers in good health came more readily into tnie study than smokers in good health -for example, because answering the questionary is a simpler task' for the non-smoker-whereas the chances of inclusion in the study were Table IV . Nov. 10, 1956 LUNG CANCER AND SMOKING MsDI~~~~~~~~~11~,HUILNAL 1077~s tated in our preliminary report, and quoted above, we had seen over the first 29 months no signs of a change in the gradient of lung cancer mortality to suggest an initial selective bias. We are now able to analyse the observations over four complete years. The figures are given in Table XI  TABLE XI As regards the total mortality of our population of doctors we can also make a check as to how far it has been unrepresentative of the rate for all doctors. For this purpose we have accumulated details of the mortality that has occurred year by year amongst a 10% sample (randomly drawn) of all the doctors who did not reply to our questionary. This population of " non-answerers " was not obtained until several months after the start of the inquiry, when the names of doctors who had died in the first few months had already been erased. We cannot, therefore, reconstruct the total population nor measure the first year's mortality among those who did not reply. In the subsequent years, however, we can estimate the mortality rate of all doctors by combining the figures for those who did reply to the questionary with the figures for those who did not reply (multiplying the sample by ten). In the second year of the inquiry we thus reach a standardized death rate at all ages of 20.4 per 1,000 for all doctors, compared with a rate of 14.7 for those who replied to us. The latter is only 72% of the former, revealing, as we previously recognized, the initial effects of selection through the absence of the seriously ill. In the third year of observation the rate for all doctors is calculated to be 18.6 per 1,000; for those who replied it was 16.1 ; the ratio is 87%. In the fourth year the rates are respectively 18.4 and 17.0 per 1,000, and the ratio is 92%.
We (Fairweather, 1954; Goodhart, 1956 Atmospheric Pollution It has been argued that, since cigarette smoking is, in general, more prevalent in towns than in country districts, the comparison of different smoking groups is, in part, merely a comparison of urban and rural residents, the former being exposed to an atmospheric pollution which the latter escape. On the other hand, if the difference between the smoking habits of town and country were somewhat greater 20 to 30 years ago than it is to-day, there may be no reason at all to invoke atmospheric pollution as the explanation of the higher mortality from lung cancer in urban areas. Cigarette smoking could, in that event, be the answer. However that may be, atmospheric pollution could not account for the pronounced gradient in mortality that we record here. For example, the national figures record that the lung-cancer death rate among men in Greater London is about twice that among men in rural districts. Our data, prospective and retrospective (Doll and Hill, 1952) give a mortality among the heavy smokers more than twenty times the mortality among non-smokers. Further, the association with smoking has been shown to persist when the observations are limited to men living within a particular type of area. We ourselves found it for male patients resident in Greater London (Doll and Hill, 1952) ; Stocks and Campbell (1955) have reported a most marked gradient within two wholly rural counties of North Wales and a slighter gradient in the City of Liverpool; Hammond and Horn (1955) have found consistently higher death rates for smokers compared with non-smokers within specific types of areas in the U.S.A.
Finally, in this present study we have analysed the smoking habits of doctors resident in different types of areas (using a 10% sample randomly drawn from the questionaries retprned by doctors aged 35 years and over). The results show (Table XII) that within this occupationally relatively homogeneous population there is remarkably little difference between the smoking habits of the residents in the specified areas.
The tendency is for more non-smokers and fewer heavy smokers to be found in the large urban communities. Tables V, VI , VIII, and IX, and in the Figure. The increase in mortality with the -amount smoked (from 4.22 per 1,000 non-smokers to 4.64 for men smoking 1-14 g., 4.60 for men smoking 15-24 g. a day, and to 5.99 per 1,000 men smoking 25 or more g. a day) is consistent with the existence of a slight relationship, and this, as noted previously, is not very likely to be due to chance (P = 0.02). To test whether this result might, however, be due to a selective bias on the part of the doctors replying to the questionary (as previously discussed) the data obtained in the first two and a half years of the inquiry have been compared with those obtained in the subsequent 23 months. Table XIV shows that in the second period the increase in mortality is certainly less regular than that observed in the first period, though in both periods the highest rate falls on heavy smokers. It does not seem likely that the trend is entirely due to bias arising from the method of investigation.
Our findings agree broadly with those of Hammond and Horn (1954) , in that both sets of data show an increase in mortality with smoking. But in our experience the increase is distinctly less marked. These different results might, we thought, be due to the difference in the age of the subjects, our population of doctors being of all ages over 35 and Hammond and Horn's men being limited to 50-69 years.
Analysis of our death rates from coronary thrombosis by age, however, reveals an even greater discrepancy. We find a distinct gradient of mortality with amount of smoking at ages under 55 and a rather less distinct gradient at ages 75 and above. We observe none at ages 55-74 (see Table XV ). Other Causes of Death The results for other causes of death are shown in Table XVI . They reveal a steady increase in mortality from non-smokers to heavy smokers in three instancespulmonary tuberculosis, chronic bronchitis, and peptic ulcer. For chronic bronchitis the increase is sixfold (from 0.12 per 1,000 among non-smokers to 0.72 per 1,000 among smokers of 25 g. or more a day) and the trend is statistically significant (P<0.01). Further analysis shows that the death rate is higher among cigarette smokers (0.61 per 1,000) than among mixed pipe and cigarette smokers (0.21 per 1,000) or pure pipe smokers (0.21 per 1,000), and these differences are significant (P<0.01). With such a chronic disease it is obvious that the disease itself may influence the amount smoked and thus obscure any relationship. It may also be that the presence of a "smoker's cough " may influence the physician to attribute death to chronic bronchitis when, in its absence, he would have diagnosed some other respiratory (or cardiovascular) condition. Table XVI does, in fact, show some fall in the mortality from "other respiratory diseases " as smoking increases, suggesting a transference from one label to another. But this fall does not wholly compensate for the rise in chronic bronchitis mortality.
The (Table VII) .
4. The mortality from lung cancer has been substantially and significantly greater in cigarette smokers than in pipe smokers, with smokers by both methods falling in between (Table VIII) (Table IV) . The increased death rate associated with the increase in smoking is found to be just as great with the firmly established cases as it is with the remainder (Table X) . The relationship cannot therefore be attributed to a biased attitude in the medical profession in certifying cancer of the lung as the cause of death. 8. Analysis of the deaths from lung cancer separately in each of the first four years of the inquiry shows that the increase in mortality associated with increase in smoking has been a feature of each year. On the whole, there has been a remarkably constant gradient which has become no less marked with the passage of time (Table XI) . We also estimate that in the fourth year of the inquiry the mortality of the doctors who answered the questionary was as much as 92% of the mortality of all doctors, whether they answered us or not. On these grounds we do not believe that the gradient of mortality with smoking can be regarded as merely an artifact due to bias in those who chose to reply to the questionary.
9. An analysis of a random sample of the questionaries shows that there was remarkably little difference between the smoking habits of doctors resident (at November 1, 1951) in Greater London, in large towns, or in other districts (Table XII) . The contrasts in lung cancer mortality between smokers and non-smokers, and between light, medium, and heavy smokers, cannot therefore be attributed to a differential exposure to atmospheric pollution which happens to be associated with smoking habits. This observation supports those of previous investigations.
10. Study of the deaths from cancer in sites other than the lung reveals, with one possible exception, no association between mortality and smoking. The exception is cancer of the upper respiratory and upper digestive tracts, from which the number of deathsisatpresent insufficient to substantiate a possible trend. In total, cancer of sites other than the lung shows a mortality of 2.04 per 1,000 in non-smokers and 2.02 per 1,000 in smokers. It reveals no gradient by amount smoked (Table XIII) . In other words, the marked and steadily increasing mortality from lung cancer in association with smoking is not compensated for by a decrease in cancer of other sites. The result indicates a total mortality from cancer in the smoking groups in excess of the mortality that would have prevailed in the absence of smoking.
11. If the causes of death as certified are accepted at their face value, mortality from coronary thrombosis reveals a slight but significant relationship with smoking (Table V) . Division by age, however, shows that the trend is distinct only at the youngest ages, 35-54 years (Table XV) .
12. Three other causes of death show a steady increase in mortality from non-smokers to heavy smokerschronic bronchitis, peptic ulcer, and pulmonary tuberculosis (Table XVI) . Only with chronic bronchitis is the gradient statistically significant. The remaining causes of mortality reveal no trend (Table XVII) .
13. From our retrospective studies of the smoking habits of nearly 1,500 patients with lung cancer and over 3,000 patients with other illnesses we concluded that if large groups of persons of different smoking habits were observed for a number of years they would reveal distinct differences in their rates of mortality from lung cancer. They would show, we believed, (1) a higher mortality in smokers than in non-smokers, (2) a higher mortality in heavy smokers than in light smokers, (3) a higher mortality in cigarette smokers than in pipe smokers, and (4) a higher mortality in those who continued to smoke than in those who gave it up. In each case the expected result has appeared in the prospective inquiry here reported. These results are evident in spite of the fact that our method of inquiry is such as constantly to underestimate the mortality differences. The reason for the underestimate is that our classifications are based, for the most part, upon a statement of the smoking habits at one point of time. We have seldom been able to take previous habits into account, and any subsequent changes have been unknown to us. As a result we shall sometimes have included in the light smoking group persons who had previously smoked heavily for a long time; we shall sometimes have included as " pure pipe smokers persons who had previously smoked cigarettes and vice versa; we shall sometimes have continued to class as smokers persons who have given up. All such errors in classification must inevitably have reduced the, nevertheless, clear associations between the mortality from lung cancer and the smoking of cigarettes which we have observed in these British doctors.
This work was made possible by the co-operation of the thousands of doctors who completed our questionaries. We are most grateful to them and to the many consultants who have provided us In England and Wales mortality from respiratory tuberculosis has been falling for at least a century. The rate of decline has not been the same at all ages, however, and in the two sexes the pattern of mortality, which seventy-five years ago was not dissimilar, is now strikingly different (Fig. 1) . During the decade 1871-80 mortality for both males and females was highest in early adult life. Seventy years later this is still true for females, but for males death rates in young adult life have fallen so much more rapidly than in middle and late life that maximum mortality now occurs at a much later age.
A number of partial explanations have been offered for this change in the age pattern of mortality, but they do not add up to a very convincing whole, and the sex difference remains anincompletelysolvedepidemiological 
